Chlamydomonas reinhardtii is a unicellular eukaryotic green alga that is used widely for the study of photosynthesis, organelle biogenesis, and cell motility, among other processes (1) . C. reinhardtii is a model genetic organism that grows on solid (agar) or liquid media and can do so autotrophically (light), heterotrophically (dark plus acetate), or mixotrophically (light plus acetate). The ability of C. reinhardtii to grow heterotrophically on acetate has allowed investigators to isolate and maintain nonphotosynthetic mutants with relative ease. Mixotrophic growth conditions are probably the most common for culturing C. reinhardtii, because most strains grow more rapidly under these conditions than with the other trophic states (2) . The acetatecontaining media, however, also supports vigorous growth of unwanted fungi, and with the slowly growing strains of C. reinhardtii, the cultures can be completely overrun and ruined by fungal contaminants. The fungal problem can be particularly severe in locations where there are high levels of airborne spores, such as in geographic areas with high humidity or in older buildings.
Current methods for controlling fungal contamination in C. reinhardtii rely on using aseptic technique when handling cultures (to prevent contamination) and, in the case of contaminated cultures, physical separation of algal cells from fungal cells (on agar plates) under a microscope (2) . Also, some strains of C. reinhardtii show positive phototaxis, and this ability can be used to physically clean cultures, albeit liquid in this case. Autotrophic growth, for those strains that are photosynthetic, can be used to reduce fungal contamination, but, in our μg/mL, which is well within the fungicidal range for these drugs. In addition to vigorous growth, there also was no discoloration of the algae that grew at 40 μg/mL with these three drugs. The other three fungicides that were evaluated in Table 1 were too inhibitory to the algae to be of much use.
The effect of the fungicides on growth of our common fungal contaminants was also evaluated. These contaminants were identified as fungi based on their morphology, sensitivity to fungicides, and insensitivity to antibiotics that target bacteria. Also, based on morphology, there appeared to be at least two different species, although they were not assigned taxonomically. Table 1 shows that carbendazim was effective at the lowest concentration used (1 μg/mL), whereas thiophanate-methyl and benomyl effectively blocked fungal growth at 20 μg/mL (there was a similar response by both contaminants). These and the aforementioned results indicate that all three of these compounds could be used in controlling fungal contamination of C. reinhardtii cultures.
These fungicides, carbendazim, thiophanate-methyl, and benomyl, are considered broad-spectrum fungicides of the benzimidazole family. They bind to microtubules and interfere with cell division and transport (Reference 7 and references therein). Currently, we are using mainly carbendazim, which has the additional benefit of being inexpensive, to clean up contaminated cultures. This is accomplished by streaking the contaminated algae onto TAP-agar plates containing 40 μg/mL carbendazim, and after 5-7 days of growth, the algae are restreaked back onto TAP-agar. Heavily contaminated cultures may require growth on the carbendazim plate two to three times in succession before restreaking the algae back onto TAP-agar. We have successfully cleaned a number of strains this way. We are also using these fungicides as a preventative measure when performing certain techniques that are prone to contamination, such as biolistic transformation.
This fungicide-based approach to control fungal contaminants is relatively straightforward and could be easily employed by inexperienced experience, frequently does not provide a completely clean culture. This is probably because C. reinhardtii releases reduced small carbon compounds and proteins into the media that contaminants can apparently utilize (3).
A potentially convenient and effective control measure would be to add a fungicide to solid media to either prevent fungal contamination or to clean up contaminated cultures. However, no fungicides compatible with the growth of C. reinhardtii have been identified to our knowledge. Hence, we investigated the effect of a number of fungicides on the growth of a wild-type strain of C. reinhardtii (CC-3269) on solid Tris-acetatephosphate agar (TAP-agar) medium at pH 7.0. The selection of some of these fungicides for testing was based on previous studies with other green algae and a higher plant (4-6). The fungicides were dissolved in dimethylformamide, ethanol, or water and then added to the medium after autoclaving. Carbendazim was not completely soluble, so the medium containing this drug was remixed immediately before pouring each plate. After inoculation with either C. reinhardtii or the fungal contaminants that we had isolated free of algal cells, the plates were incubated at 23°C under moderate fluorescent light (approximately 500 lux) for 5 days and then scored for growth visually. researchers. One caveat that should be mentioned is that we have tested the fungicides only on C. reinhardtii growing vegetatively, which is the most common growth mode. We have not determined if there are effects of these drugs on gametes or zygotes. However, our suspicion is that these fungicides will likely be compatible with these other stages of the life cycle, in part because C. reinhardtii has only two β-tubulin genes, and they code for the same protein (8) . Nonetheless, additional tests are being planned to look at the effect, if any, of these fungicides on zygote germination, so that they may be incorporated into the plates used for tetrad dissections (2). To purchase reprints of this article, contact
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